At the early stage of aseptic meningitis, there is a transient increase in neutrophil counts in the cerebrosp inal fluid. Some factors in the cerebros pinal fluid might induce migration of neutrophils into the cerebrospi nal fluid. Granulocyte colony-sti mulating factor (G-CSF) plays an important role, not only as a hemopoiet ic factor but also as a regulating factor for a biologic defense system by neutrophils in the foci of infection. To analyze the role of G-CSF on accumu lating neutrophils in the cerebrospinal fluid, we have measured G-CSF levels in the cerebrospi nal fluid of children with aseptic meningitis, paying particular attention to the phasal transition. Within the first 2 d from the onset, G-CSF levels in the cerebrospinal fluid were 223 ± 97 ngIL, significantly higher than those of the patients without meningitis (p < 0.01). Beyond the second day after the onset, the G-CSF levels rapidly decreased to below the detectable level, even though the patients manifested meningeal signs and symptoms. Th ere was a direct relationship Aseptic meningitis is characterized by an increase in mononuclear cells in the cerebrospinal fluid. However, at the early stage of the disease, the cerebrospinal fluid temporarily contains chiefly neutrophils (1) . The pathogenesis of the increase in neutrophils in the cerebrospinal fluid remains unclear. Some factors in the cerebrospinal fluid might induce migration of neutrophils into the cerebrospinal fluid at the early stage of the disease.
G-CSF was found as a factor that stimulates the proliferation of precur sor cells, specifically for granul ocytic lineag e (2) (3) (4) .
This cytokine acts not only on progenitor cells of granulocytic lineage but also directl y on mature neutrophils (5) (6) (7) (8) . G-CSF activates the functions of mature neutrophils, including C3bi receptor expression (9) , adherence (9, 10), superoxi de release (11, 12) , phagocytosis (13) , antibody-dependent cell-media ted cytotoxicity (14, 15) , and chemotactic activity (16) ; it also prolongs survival time (17, 18) . Serum G-CSF levels have been between G-CSF levels and neutro phil counts in the cerebros pinal fluid (r = 0.763, P < 0.01). During the first 2 d after the onset, the G-CSF level in the cerebrospinal fluid in each case was remarkab ly higher than that in the serum. This finding suggests that the G-CSF in the cerebrospinal fluid was produced in the spinal cavity. Abb r evia tions CSF , colony-stimulat ing factor G-CS F, gra nulocyte colony-stimu lating factor rhG-CS F, recom binant human G-CSF GM-CSF, granulocyte-macro phage colo ny-s timulating factor IFN, interferon reported to elevate in many inflammatory diseases, with an increase of neutrophils in the peripheral blood (19, 20) . Therefore, G-CSF plays an important role, not only as a hemopoietic factor but also as a regulating facto r for a biologic defense syste m in the foci of both infection and inflammation (21, 22) . G-CSF might be involve d in the development of inflammation in the focus by the activation of mature neutrophils. However, little is known about G-CSF levels in inflammatory foci such as synovia, pleural fluid, and cerebro spinal fluid.
To analyze the role of G-CSF in accumulating neutrophils in the cerebros pinal fluid during the early stage of aseptic meningitis, we have measured G-CSF levels in the cerebrospinal fluid of children with the disease. This work has demonstrated that G-CSF levels in the cerebrospinal fluid are markedly elevated in the acute phase of the illness.
METHODS
Study population. Fourteen patients with aseptic meningitis, ranging in age from 4 mo to 15 y, were admitted to our hospital from June to October 1991. The following criteria were used for the diagnosis of aseptic meningitis: 1) all of the following symptoms: fever, headache, vomiting, and neck stiffness; 2) cell counts greater than 35 per iLL in the cerebrospinal fluid; and 3) sterile ce rebrospinal fluid found in bacteriologic studies. Th e first day of the illness was determined as the day when any of the symptoms of meningitis had first occurred. The following criteria were used for the diagnosis of no meningitis: 1) cell counts less than 5 per iLL in the cerebrospinal fluid, and 2) sterile cerebrospinal fluid found in bacteriologic studi es. Patien ts meeting these criteria were used as cont rols. The patients without meningitis included three with meningism due to upper respir ator y tract infections, two with epilepsy , two with acute gastroenteritis, and one with febril e convulsions. Th ey all recei ved lumbar punctures to rule out meningitis. Table 1 shows the characteristics of 14 patients with aseptic meningitis and eight wh o did not have meningitis. The age, sex, and concentration of gluc ose in the cerebrospinal fluid in both groups wer e statistica lly simil ar. The protein values in the cerebrospin al fluid of the pati ents with meningitis were not significantly different from those of the group without meningiti s. Some of the meningitis patients had eleva tions of protein values, but none of the patients without meningitis did .
Viral study. In the summer of 1991, a prev alence of echoviru s 30 cau sed endemic aseptic meningitis. Serum antibodies for anti-echovirus 30 were examined by a serum neutr alization test in pairs of samples collected 2 to 3 wk apart. In six of nine patients stud ied, the antibody titer rose four times or more . Furthermore, in three patients with meningitis and four patients without meningitis, viruses isol ated from the cerebrospinal fluid were studi ed by using tissu e culture microplates containing cynomolgus monk ey kidn ey, Vero , and HeLa cells (22a). The isolated virus was determined by the neutr alizin g test with stand ard anti virus serum. In all three pati ents with meningitis studied, echovirus 30 was isol ated , but in all four patients without meningitis studi ed, no virus was isolated. Th erefore, it seems that the illness was caus ed by echovirus 30 in most of the patients with meningitis.
Sample collection. Samples of the cerebrospin al fluid were obt ained by lumb ar puncture after receiving informed consent for this study from the parents of the pati ents. The cerebrospinal fluid was immediately centrifuged at 150 X g for 10 min, and the sup ern atant was stored at -30°C. Blood samples were collected at the same tim e. Sera were isolated by centrifugation at 400 X g for 10 min and stored at -30°C.
Assay for G-CSF. Concentrations of G-CSF wer e measured
by a subsequent ELIS A. The assay was based on the dual antibody immunometric sandwich method , as previously described (23) . Rabbit antiserum aga inst rhG-CSF (Chuga i Pha rmaceuticals, Tokyo, Japan) (24) was precipitated with ammonium sulfate. The precipitate was dissolved in 0.05 M boratebuffered saline containing 0.9 % NaCl (BBS) (pH 8.0) and fraction ated to IgG by Ultrogel AcA44 gel filtr ation (LKB , Stockholm, Sweden). Polystyrene tubes (Nunc, Roskilde, Denmark) were coated with BBS containing 20 mglL IgG for 16 h at 4°C. Th e coating solution was removed by aspir ation , and the tube s were washed twic e with BBS . Each 0.2-mL aliqu ot and stand ard rhG-CSF wa s dispensed into the tubes diluted with 0.5 mL of 0.05 M Tri s-HCI buffer (pH 8.0) containing 0.25 % BSA, 0.05 % Tw een 20 , 2% polyethylen e glycol, 0.9% NaCl , and 0.1 % NaN 3 . Th e tubes we re incubated for 2 h at room temp erature and washed three time s with 20 mM Tri s-HCI buffer. The tubes we re filled with horseradish peroxidaselabeled anti-rhG-CS F rabbit Fab' (Chugai Pharmaceut icals, Tokyo, Japan), incubated for 2 h at roo m temperature, and washed three tim es. The tubes were filled with 1 mL of substrate solution consisting of 0.1 M phosphate citrate buffer (pH 6.0), 0.015% hydrogen peroxide, and 3 g/L o-phenylene diamin e (Nakarai Chemi cals, Kyoto , Japan). Aft er 1 h of incubation at room temp erature in the dark, the enzy me reaction was stopped wi th 1 mL of 4N H 2S04 , and each sampl e was mea sured for adsorbance at 492 nm in duplicate. The limit of detection was 30 ng/L, Thi s assay system did not react with macrophage-CSF, GM -CSF, or IL-3.
Statistical analysis. Statistic al sign ificance of the data was
analyzed with the Mann-Whitney U test. Th e relation ship s betwe en cerebrospina l G-CSF levels and other indic es of meningeal inflammation were estima ted by Pearson 's correlation coefficients. Differences wer e considered signifi cant when the p value was less than 0.05.
RESULTS

G-CSF levels in cerebrospinal fluid. Conc entrations of
G-CSF were assayed with in the first 2 d from the ons et of aseptic meningitis in nine patients (Fig . 1) , and the values were 223 :±: 97 ng/L (mean :±: SD , range 53 to 386 nglL). Th ese levels were significantly high er ( p < 0.01) than those of the children with no menin giti s (all were less than 30 ng/L ). The anti-ech oviru s 30 antibody titer rose 4 times or more in six patients but not in three patients. Th e G-CSF levels in the former were 217 :±: 59 ng/L and thos e in the latter were 235 :±: 169 ng/L , These values wer e not statistically significant. Figure  2 illustrates tim e-dependent changes in G-CSF levels in the cerebrospinal fluid . After the second day of the onset of the disease, the G-C SF values rapidl y decreased to belo w the detectable level , even thou gh the pati ents manifested meningeal sy mptoms and signs: fever, head ach e, vomiting, and neck stiffness. The G-CSF level s sequentially dropped in all patients examined longitudinally, as shown in Figure 2 . G-CSF levels Table 2 .
G-CSF levels in cerebrospinal fluid and serum in aseptic meningitis
DISCUSSION
We have investigated whether G-CSF levels correla te with neutrophil counts in the cerebrospinal fluid in aseptic meningitis, paying particular attention to their changes in the course of the disease . The G-CSF levels in the cerebrospinal fluid Figure 4 shows the relationship between the G-CSF levels and neutrophil counts in the cerebrospinal fluid of the patients. At the initial stage of the disease, both G-CSF levels and neutrophil counts increased. Thereafter , neutroph ils disappeared from the cerebrospinal fluid as G-CSF levels decreased. There was a direct relationship between G-CSF levels and neutrophi l counts G-CSF levels in sera. G-CSF was not detectable in any serum samples except for one patient's sample, which had 33 ng/L on the second day of the illness. The G-CSF levels of sera were statistically lower (p < 0.01) than those of the cerebrospinal fluid on any day of the disease in each patient (Table 2) .
Relationship between G-CSF levels and clinical indices.
Neutrophil counts in the cerebrospinal fluid . Within the first 2 d of the illness, neutrophil counts increased (range 6 to 148 per fLL) in the cerebrosp inal fluid of all patients (Fig. 3) and particularly accounted for the majority of cells in six of
• can stimulate fibroblasts (32), endothelial cells (29, 30) , and astrocytes (33, 35) and GM-CSF can stimulate monocytes/ macrophages (28) to produce G-CSF in vitro . It is unlikely that endotoxin stimulates production of G-CSF in aseptic meningitis. Taken together, we assume there are cytokine networks in the CNS: IL-lf3 and GM-CSF induced by viral infection might stimul ate fibroblasts, endothelial cells, monocytes/macrophages, and astrocytes to produce G-CSF .
We analyzed the relationship in the cerebrospinal fluid between the G-CSF levels and neutrophil counts. As is well known, neutrophils increase transientl y during the initial stage of the illness. In our studies, both the G-CSF levels and neutrophil counts rose in the cerebrospinal fluid at the initial stage, and afterward the neutrophil counts decreased along with the drop in the G-CSF levels. G-CSF can augment migration of mature neutrophils (16) . We conjectu re that the G-CSF increasing in the cerebrospin al fluid can induce mobilization of neutrophils out of the peripheral blood and into the spinal cavity. It deserves discussion why the appearance of neutrophils in the cerebrospinal fluid takes place only during the initial stage of the illness. The plasma terminal half-life of rhG-CSF is 7.2 ± 3.7 h when G-CSF is injected i.v. at 100, 200, 400, and 800 p,g/m 2 (41) . This short half-life of G-CSF causes rapid disappearance once G-CSF production stops in the focus of inflammation. Furthermor e, the period of viral proliferation in the meninges seems to be short, and there is no endotoxin present as a strong stimul ator of G-CSF production in the cerebrospinal fluid in viral infection . In any event, it is likely that such a rapid change in the G-CSF levels results in transient increases in the neutrophil counts in the cerebrospinal fluid during only the initial stage of aseptic meningitis.
Activated mature neutrophils produc e chemic al agents, including leukotrienes, IFN, etc. (42) . Inasmuch as leukotrien e B 4 increases vascular permeabilit y and develops inflammatory reactions, it can lead to the subsequent migration of lymphocytes into the spinal cavity. IFN also may act as a defense mechani sm against viruses. However, additional studies are necessary to elucidate the exact pathoph ysiologic significance of the transient increase in neutrophils in the cerebrospinal fluid along with elevation of G-CSF levels.
Pleocytosis is an index for meningitis. However, it is difficult at the initial stage to distinguish aseptic meningiti s from purulent meningitis by neutrophil counts alone. G-CSF in the cerebrospinal fluid increases in aseptic meningiti s. The peak levels reach 386 ng/L as shown in our study or 366 ng/L as reported by others (25) . We also measured G-CSF levels in the cerebrospinal fluid in a case of pneumococcal purulent meningitis. The G-CSF levels were 4700 ng/L on the third day of illness, 111 ng/L on the fifth day, and below sensitivity on the seventh day, when meningeal symptoms had disappeared. Shimoda et al. (25) reported that G-CSF levels in the cerebrospinal fluid markedly increased and averaged 1500 ng/L in 10 of 11 cases of purulent meningitis. These levels-in both their investigation (25) and ours-in patients with purulent meningitis were significantly higher (p < 0.05) than those in our patient s with aseptic meningitis. In five of their subjects (25) , the G-CSF values dropped below sensitivity after the disappearance of meningeal symptoms. The highly elevated levels Shimod a et al. (25) have reported a rise in the level of G-CSF in the cerebrospinal fluid in 12 (67%) of 18 cases of aseptic meningitis . In contrast, we have found elevation of the G-CSF levels in every case during the first 2 d. Although sensitivity of measurement was almost the same in both of the assays (their sensitivity level was 20 ng/L), the frequency of G-CSF elevation in their subjects seems lower than in ours. We did not detect G-CSF in any patient whom we first punctured after the second day from onset. They did not present the data of G-CSF kinetics in the cerebrospinal fluid in aseptic meningitis. Inasmuch as the G-CSF levels in aseptic meningiti s decreased rapidly during the first 3 d after onset, they may not have found G-CSF elevation in any of their subjects .
We next studied how G-CSF increased in the cerebrospinal fluid of patients with aseptic meningitis. At the initial stage, G-CSF levels in the cerebrospinal fluid were remarkably higher than those in the serum at the same time in each case. Serum G-CSF levels did not fluctuate during the progression of the illness. These results suggest that elevated levels of G-CSF in the cerebr ospinal fluid were not caused by a switch over from the blood but rather by its production in the focus of inflammation, i.e. in the spinal cavity. Monocytes/macrophages (26 -28) , endoth elial cells (29, 30) , and fibroblasts (31, 32) produce G-CSF. Astrocytes (33-35) also produce G-CSF in the CNS. It is reported that IL-lf3 (36), IL-6 (37, 38), IFN-)' (38) , and GM-CSF (39), but not tumor necrosis factor-a (36, 40) , in the cerebrospinal fluid are increased in aseptic meningitis. IL-l f3 of G-CSF persist for a long time, probably because an endotoxin derived from bacteria exists as a powerful stimulating factor of G-CSF production. The extremely high levels of G-CSF in the cerebrospinal fluid over 560 ng/L (mean + 3.5 SD in our patients with aseptic meningitis) may be suggestive of purulent meningitis, Furthermore, disappearance of G-CSF from the cerebrospinal fluid within a few days may allow us to suppose aseptic meningitis. Taken together, G-CSF levels in the cerebrospinal fluid may be a useful index of meningitis. We look forward to the development of a rapid and simple method to assay G-CSF levels.
